INHERITANCE OF BODY WEIGHT IN DOMESTIC FOWL BY NELSON F. WATERS BUSSEY INSTITUTION, HARVARD UNIVERSITY
Communicated June 10, 1931 For ten years the Rhode Island Agricultural Experiment Station has been conducting an extensive investigation to determine the mode of inheritance of growth rate and adult body-weight in the Light Brahma and Single Comb White Leghorn breeds of fowl and in their hybrids.
The two breeds used seem to be admirably adapted for a study of size differences. The Leghorn is a small breed, the female weighing approximately 1600 grams and the male 2000 grams at ten months of age. The Brahma is one of the largest breeds of domestic fowl. The Brahma female weighs approximately 3200 grams and the male 4000 grams at ten months of age. In weight variation the two breeds do not overlap. Males in all breeds of domestic fowl are significantly heavier than females. It is possible to approximate the male-equivalent weights of females at ten months of age by multiplying their recorded weights by 1.28. This correlation of female weight with male weight allows the statistical treatment of the weights of both sexes as one group. But it is not applicable at ages prior to ten months for the ratio of female weight to male weight is not constant throughout the period of growth but varies from month to month.
In any quantitative study of size inheritance it must be demonstrated that the parent races are homozygous for the characters studied. This homozygous condition is best established in animals by observing the character in question on a large number of individuals preferably for several generations. The Leghorn strains used in the present investigation were bred together for seven consecutive generations, and the weight statistics of these Leghorns seem satisfactorily to establish the homogeneity of the Leghorn breed. The statistics obtained for the Brahma are equally convincing although the number of individuals is much smaller than in the case of Leghorns.
But the final test of the genetic weight constitution of the parents is found in their hybrid offspring. If the parent races are homozygous, we should expect, when they are crossed, to obtain fairly uniform hybrids, all of which should be of the same genetic character. If we obtain an intermediate condition in the reciprocal F1 hybrids it means that they have probably received an equal influence from each of their parents regardless of which breed functioned as the male parent. The reciprocal F1 hybrids studied are approximately intermediate between the weights of the parent breeds and the coefficient of variation for the hybrids is no greater than that of either parent. Thus, it is safe to assume that all of the F1 individuals were heterozygous and genetically alike and the frequency distribution of all F2 populations arising from F1 parents should be the same. It has been established, beyond reasonable doubt, that all of the F1 population, when crossed together do produce F2 populations which are essentially similar. The coefficient of variability of these F2 populations has in all instances been significantly greater than that of the F1 population. This increase in variability in the F2 renders probable the interpretation that segregation of some sort had taken place in the production of this generation. And this is supported by selected matings of small, intermediate, and large F2 individuals.
In addition to the evidence of segregation afforded by selected matings of F2 individuals, backerosses of F1 individuals with both parent breeds give evidence of a wide range of variation in the genetic constitution of the gametes formed by F1 individuals.
An examination of the F3 and F4 matings will permit an explanation, in terms of definite Mendelian genes of the genetics of weight in this cross. The original small weight, as seen in the Leghorn breed, has in many instances been recovered in the F2 generation. The same is true for large weight, though the evidence for this is not equally conclusive. Further, these small weight and large weight individuals found in the F2 population breed relatively true in subsequent generations.
This result enables one to estimate the number and stability of the genetic factors upon which weight in this cross is dependent. If typical Mendelian inheritance occurs, gene recombination should take place in the F2 generation. The extent of this recombination would depend upon the number of genes operating, and the clearness of its demonstration would depend upon the number of offspring raised.
A working hypothesis has been adopted, based on the results obtained from a large series of selected matings, which will account satisfactorily for the inheritance of adult body-weight in this cross. The assumption has been made that the difference in weight between these two breeds is dependent primarily on two pairs of genes, each of which affects the weight of the individual equally and which together have cumulative effects. The evidence accords with this interpretation. On the other hand caution is necessary in suggesting that such very complex phenomena as weight are dependent upon a relatively small number of genes. Nevertheless, it is conceivable that a few genes may show a great influence on the growth rate and adult weight of an organism and that these few will more than equal in influence the combined or cumulative effects of many other genes. Such a situation, it is believed, exists in the present case and although the evidence presented in any one of the many matings would not by itself justify the hypothesis advanced, the combined data do justify its adoption.
In the groups of birds studied in this investigation it is shown that growth is a continuous process up to ten months of age, though at a steadily decreasing rate, the growth curve becoming convex upward subsequent to three months. At ten months growth is practically completed, such variations in weight as occur thereafter being due chiefly to accumulations or loss of fat.
Mature size is dependent upon two factors, (1) the rate at which growth takes place and (2) the duration of growth. The practical termination of growth comes at the same age; viz., ten months in both breeds studied and in their hybrids. Since initial hatching weight is substantially the same in all groups, and the duration of growth is the same, it follows that the differential genetic factors which influence adult weight must act through changes in the rate of growth. In other words, genes which influence adult weight do so through their effects on Growth curve show clearly that at ten months of age Brahmas are approximately twice as heavy as Leghorns. This size difference holds for both sexes. Further, all groups attain full growth at ten months of age. Growth of the larger breed is both at a higher rate and is more persistent, since the growth curve of Brahmas continues to rise steeply up to the tenth month, meeting its first conspicuous slowing up at nine months. On the other hand, the growth curve of the Leghorns both rises less steeply and is perceptibly slowed up a month or two earlier than is that of the Brahmas.
The F1 and F2 hybrids are heavier than either parent breed between the ages of three and thirteen weeks; subsequently they are closer to the Brahma than to the Leghorn breed up to about seven months of age, when their position becomes rapidly intermediate between that of the parent breeds, since the Brahmas continue to grow rapidly until ten months of age, while the Leghorns and hybrids grow slowly. The early growth of the F2 hybrids is not as rapid as that of the F1 hybrids although, as previously mentioned, the F2 hybrids grow faster than the large Brahma breed up to the thirteenth week. Subsequently all the F2 growth curves run parallel with but below the growth curve of the F, hybrids until adult weight is attained.
A study of the growth curves of the various F3, F4 and backcross groups shows that the genes which differentiate birds of a large breed from those of a small breed operate throughout the period of growth from hatching on. A genetically large bird grows not only more rapidly at all ages but more persistently than a genetically small bird. Hybrids occupy an intermediate position not only in mature weight, but also in rate of growth, except as this is modified by hybrid vigor.
Reciprocal crosses of Brahmas and Leghorns show no apparent effects of heterosis at ten months of age. The mean weight of the F1 individuals is approximately intermediate between the weights of the parent races when growth is completed. Examination of the growth curves of the F1 hybrids, however, shows that growth is greatly accelerated in the early stages surpassing that of the heavier (Brahma) breed. The growth curves of the F2 hybrid groups rise above the curve of the Brahmas for the first three months after hatching but their superiority is much less than that of the F1 group and terminates earlier. If hybrid vigor is the result of a heterozygous condition of allelomorphic genes it is to be expected that many of the F2 individuals will be heterozygous for one or more genes and should therefore show heterosis. All F2 segregates approaching a homozygous condition for large or small size should show little or no hybrid vigor.
The heterosis effect found in the F1 hybrids is probably due not only to the two pairs of hypothetical weight genes, which at the most can involve only two of the reported 18 pairs of chromosomes of the domestic fowl, but also to many other genes involving possibly all the chromosomes. In the present investigation, however, it is of interest to determine to what extent the stimulating effects of hybrid vigor influence the average growth GENETICS: N. F. WA TERSP N rate of individuals known to approach a homozygous or heterozygous condition for the genes studied. It is to be supposed that the F2 individuals are not all similar to the F1 hybrids even for the two pairs of hypothetical size genes, many of them being heterozygous for only one pair of the genes or homozygous for both genes. Therefore, there is to be expected a decrease in the amount of hybrid vigor, although the average weight at ten months of age is approximately the same as in the F1 group.
There can be no doubt about the occurrence of heterosis in the F1 hybrids and to a lesser extent in the F2 hybrids. To a lesser extent we should expect it to be present also in the F3 and F4 generations and it is probable that in general accelerated early growth when observed has this significance, though one cannot be certain of this in every case, since small numbers and peculiar seasonal or environmental conditions might give indications which were not significant. But in general there can be no doubt about the results. Where we expect theoretically a maximum of heterosis, in F1 or in highly variable populations of later generations, we find the greatest acceleration of growth; where we expect little or no heterosis, in segregating high or low populations, or in those of intermediate character which show a low variability, little or no evidence of acceleration is found.
The effect of heterosis on early growth rate in the present cross of domestic fowl seems to support the hypothesis of G. H. Shull that a maximum amount of hybrid vigor is obtainable oiily when an organism approaches a completely heterozygous condition of all its allelomorphic pairs of genes. And when the organism approaches a homozygous condition there is a proportionate decrease in vigor.
A complete report of this investigation will appear in Bulletin 228 of the Rhode Island Agricultural Experiment Station.
